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synergistic extraction and separation of Am(III)and

Ln(III)with HBMPPT-sulfoxide—HN03一toluene system
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Abstract Some sulfcⅨides(petroleum sulkide—PSO，don．octyl 8ulfbxide—DOs0．
etc．) were chosen船synergists to 8tudy the 8yner西stic effect on the extraction re．

action with HBMPPT(4_benzoy卜2，4一dihydro_5-rnethyL2-phenyl-3H—pyraz01．3．thioⅡe)
f0T Am(III)，and the syner舀stic separation for Am(III)and LⅡ(III)．The 8yⅡergistic
extraction abiKty of PsO is greater th龃that of DOs0 for Am(III)．The 8yne。gistic
cornplexe8 may b8 preseⅡted越Am·N03·(BMPPT)2·HBMPPT·s2(s indicates PsO
orDOS01．
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1 INTRoDUCTIoN

An璩ridllrn is a typical tr孤8ur剐[Iim element．The chemical pro口erties of AmfIIll
are siI出1ar to that of trival吼t 1arIth孤ides，Ln(III】．The s印aration of AmfⅡ11 from

LnfIII)represents one of the most dimcult and iIrlportant problems in the sepaTatjon

science【I~引．Actinjdes(ⅡI)帆dap iⅡsize with Ln(IⅡ)姐d thus tW0即oups have si埘Iilar
ch缸ge-to．radius ratios． Choppin【6】considered that AmfIII】and LnfⅡI)both exhib“

“h缸d acid”character and their interaction in solution盯e maiⅡ1y ionjc jn natllre．The

major djfFerence between these two g≯01lps of metals is the tendency of the trivalent

act“des to form s地htly strong盯complexe8耐th ligands coordinating tllrough donor
atoIr塔less electr皿egative th姐丑uor主Ⅱe or 0五ygen，for旺啪pk，slll如r or如trogen【6j．
The present work rep0Tts the synergistic eItraction of Am(III)withHBMPPT(con·

tailIiIlg soft donor-sulf甜)-sul蛔de(PsO or DOsO)一ⅡN03一toluene 8ystem and the s印一
aration若bility between AmfIII)and several tri、m咀Lt l跚1th孤ides．

2 EXPERIMENTAL

2．1 Reagent

HBMPPT was synthesizedfromⅡBMPP(4．benzoyl_2，4．dihydr0·5·methyl-2·phenyl-

3H—pyr船01—3一one)with two procedllres[1] Pso was suppHed by Jianghan petrole啪
Co．，contain血g 9．3％of sul血r amount；DOSO，AR，Tianjian CheI血cal Reagent Co．；
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241Am(ⅡI)is supplied by Ch证a hstitute of AtoIrdc Energy'the radioactivity being about

3．7kBq；The other reageⅡts PPO(Baitai co．，BeijiIIg)，POPOP(Fh士co co．，H0n94cong)，

NaN03(Beijing出e觚cal reagent co．，)etc．Were all of AR字ade．
An aqueaus s01uti0Ⅱs，whi出contailIed 0．1Ⅱlol／L NaN03 and certain amolmt 0f

HN03 were made with distiued water．The pH of the aqueous solutions was adjusted

with 0．1 mol／L NaOH．The aqueous s01utions were pre．equjlibrated with toluene．

The orga血c ph聃e w勰HBMPPT and PSO(or DOSO)in toluene．h the studies 0f

the dependence of D(distribution rati01 oⅡⅡBMPPT concentration，the concentration

of the PSO for DOSO)w酗kept at O．0lInol／L whjle the丑BMPPT concentration was

v缸ied丘om 0．05mol／L to 0．40Inol／L．

2．2 Di“ribution ratio determimItion

The extraction procedllres were as fbⅡows：1埘山of the aqueous phase coⅡt aj丑iII譬a

cert ailI锄叩Dt of Am(IHl and HN03 Were shaken for 15min而th 1Ⅱ山of the o职anic
ph船e containin层a西veⅡconcentration ofⅡBMPPT姐d S俾SO，DOSO)．After sep缸at．

血g by centmgal gavernor，the two ph粥eB were analyzed by me孤8 of 241Aln(ⅡI)energy
spectmm aIIalysis With TIu．carb 2200 CA Liqujd Scmmation Analyz盯．The distTibu-
tjon r8tio of AmfIⅡ)w船calctllated例．The pH valne of aqueaus s01u“on w鼬meastir℃d

after eqllilibrium．The exp盱imeⅡtal temperatllre w粥controned at 25士2。C．

3 RESUI厅S AND DISCUSSIoN

3．1 SaItiIIg-out e妇融ct

SaltinE．0ut e矗奄ct is a reslllt of the reduction in water activity d11e to n塘presence

of the salt．It is dear that the reduced concentration of avajlable water molecllles must

have the effbct of reducing the net of water exchaⅡge of Am(III)，impr嘶ng the ener-
zetic reqllir锄ent fbr phase transfer reactions【”．The d印endence of distribution ratio
0f AmfIII)on salt concentration at c0Ⅱst孤t HBⅫPPT蛆d synergist concentration in

toluene is shawlI in Fig．1．Salting．out agent NaN03 improves the extracti0ⅡabiHty 0f

Am(Ⅲ)Btrongly． h 0rd盱to ke印the ioⅡic strength in aq啪。珊solution，we chose

O．10mol／L NaN03柏the 8alting·out agent concen订ation iⅡthe next e印erim呲．

3．2 E艉ct of pH on the如tribution rati0

There w船no detectable eItr扯tion for Am(ⅡI)whe咀HBM=PPT or syner画st was

u8ed alone∞the pH vahe studied(D】=D2=0)．Wben the syn盱gist PSO or DOSO

w鼬added to the syst锄，mea蛐able e】【traction was observed(D=D1+D2+D12=
D1 21．The dependence of distribution rati0 ofAm(IⅡ)on pH at coⅡstant HBMPPT and

s孙ergist concentration蛔t01nene is shoWn in Fig．2．The distribution ratio of Am(III)
缸cre私es with the increase 0f pH．The relatio∞hip 0f lgD-pH is Hnear with the slope of

2．1 and 1．9扯d the relationship co硪kie丑t is 0．993蛆d 0．995 for the PSO and DOSO，
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F-g．1 Plot8 of D Ver8us saltmg-out agent

concentration(pH=3．8，

fⅡBMPPT】(0】=o．10 mDl／L，

【Pso】(o)=o．03 mol／L，

[DOsO】(o)=o．01 H10l／L)
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Fig．2 Plot8 of培D versus pH

(【HBMPPT](。)=o．10 m01／L，

[Pso】(o)=o．03 m0I／L，fDosoj(o)
=o．01 nlol／L，[NaN03](。)=o．1Ⅱ10l／L)
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Fig．3 Plots of kD Versus lg[HBMPPT】(。)

(pH=3．6，【Pso](。)=o．03 m01／L，

【DOsO】f。J=o．0l rnol／L，

[NaN03]fa)=o．1 mol／L)

Fig．4 Plots of 19D verBus k[syner百st](。)

(pⅡ=3．6，【HBMPPT](。)=o．10 m01／L，

四aN03b=o．1 mol／L)

respectively． Because of the strong pH dependency of these extraction
and the djm—

c11lty of maint她g pH in an u】1b缸kred system，a11 pH Values given were obtained by
Ineasurments疵er equilibri眦．

3．3 E岱ect ofⅡBMPPT concentration on the distr-bution ratio

An ass伽叩tion used in the slope姐alysis method is const孤cy of the activity co—
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emcient，so that concentration can be used to describe the equjhbrillln involved in the

extraction·Th。pIots of IgD Versus lg阻BMPP T](。)at a constan‘pH aIld[syne。gist】f。1
(Pso and Doso)砒e shawn血Fig．3．The distribution ratio increases with the increas：
of HBMPPT concentration，the relationship of kD．k[ImMPPT】f01扭liIleaf with the
slope of 2．9 and 3．0，and the rela吨ionshjp coemcientis 01992 and O舯6 for PSO and
DOSO，respec“vely．T址s result jndjcates that亡he extracted complexes may co啭aill 3
HBMPPT molecules．

3。4 E舵ct of synergist concentration on the distribution ratio

The plots 0f lgD versus lg【syner百st](o)at constant[HBMPP T]f01 and pH are shown
in F逗，4．The distribution ratio incre拍es with the incre笛e 0f the synergist concentration
and the relationship ofkD·lg[synergist】fol is lme缸with the s工opes of 2．1 and 2．2 for the
PSO and DOSO，respectively．The relatioⅡshjp coemcient is 0．998 and o，994 for PSO
and DOSO，respectively．TtIis resl山suggests亡hat the eItracted c如叩l旺es may contain
2 PsO(or DOSO)m01ecllles

3·5 Extraction complexes and equilibrium constants

According to the above resll：lts obt越ned for the extraction ofAm(m)，the extraction
process nlay iilvDlye the fclⅡoWjng syner豳tic“tractj0丑c∞Ipl娃es：J^如N03·徊MPPT)2·
HBMPPT·(PsO)2 and AmN03(BMPPT)2·HBMPPT·(DOsO)2 for PSO and DOsO，
reBpectively．The synergistic extraction process can be describedby the f0Ⅱ0w堍equa—
tjon：

Am葛+3ⅡBM，PT(o)+2sf砷+N03(a)一—+AⅢN03·(BMPPT)2·HBMPPT·s纠D)+2Ⅱ去)
where S indicates the PSO 0r DOSO．The eqllihbri恤constaⅡts of tllis reaction can b8
described：

耳=([AIrlN03·(BMPPT)2·HBM[PPT·s2](。)[H+]≈))

／([Am苗】·[HBMPPT(。)】3·[s(。)】2·[Noi。)])

=D·(阻志)J2)／(fⅡBMPP T(。J】3·[5(。)]。·[Ⅳo最a)】)
nom the experinlental values obtailIed，The equjlibri啪constaⅡts耳are

郧so=4．87×10～3；蜘oso=2．08×10～．

3·6 separation of Am(III)and Ln(III)

Typic“distribution ratios 0f Am(IⅡ)and Ln(ⅡI)are shown in Table 1．The sepa_
ration coemcient 0f Am(III)to some trivaleI吐1aIlthanides are InDre than 81 and 28 for
the PSO and DOSO，respectivel弘
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Table 1 separation coe伍cient for Am(III)and Ln(III)

D^m DLⅡ 口Am，LⅡ

DOSo 0．28 <0．01 >28

pH=3．6[HBMPPT】(。)=o．10 rnol／L，[PsO】r。)=o．03Ⅱ10l／L，【DOso】(。)=o．01 rrlol／L，

[NaN03](。)=o．1 m01／L

4 SUMMARY

To the best of my knowledge，the pfesent work reports the synergistic extraction ot

Am(Ⅲ1 with HBMPPT(containing so代danor_slll缸)一su怕】【ide(PsO or DOso)-ⅡN03·
toluene system fbr the fir8t ti础．B蕊ed on the slope姐alysis，the extracted syner百s‘
tic compl旺es may be pr郫ented拍AmN03·(BMPPT)2·皿MpPT．(s)2(s is the PsO
w DOs01 far如“m)(【ImMPPT】『01=o．o枷．2 mol／L)nd this system can s印Ⅱate
AmfⅢ1丘om Ln(IⅡ)11nder c村taiⅡcondjtions．
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